Introduction
Many patients with breast cancer are treated with a combination of surgery, chemotherapy, and radiation therapy (RT). Historically, RT has been delivered following surgery and chemotherapy, but there has been growing interest in delivering RT preoperatively. Preoperative RT (preopRT) can potentially downstage tumors, more accurately target tumor, thereby reducing soft tissue toxicity due to smaller treatment volumes [1] , improve rates of pathologic complete response (pCR), and facilitate margin-negative resection [2] . Another emerging concept is that of RT as an effective tumor vaccine when directed to intact tumor, activating a robust antitumor immune response and eradicating subclinical disease [3, 4] .
While preopRT has been extensively investigated for inoperable and locally advanced breast cancers, there has been less data on the use and efficacy of preopRT for early-stage (T1-3/N0-1) disease. Several recently reported phase I and II trials evaluating the use of preopRT for earlystage breast cancer have shown that this approach is feasible and well-tolerated [1] with good to excellent cosmetic outcomes [5, 6] and local control rates upwards of 90% [6, 7] .
Using a large hospital-based national cancer registry, we sought to assess factors associated with receipt of preopRT for early-stage and locally advanced breast cancer, and evaluate the surgical management and outcomes of patients receiving preopRT.
Materials And Methods

Data source
We performed a retrospective cohort study using the National Cancer Database (NCDB) 2014 Participant User File. NCDB is a joint program of the Commission on Cancer (CoC) of the American College of Surgeons and the American Cancer Society (ACS) and is a hospital-based registry with data from more than 1,500 CoC-accredited hospitals. It includes information about demographics, disease stage, and first course of treatment for 70% of newly diagnosed cancer cases in the United States. The CoC and American Cancer Society have not verified and are not responsible for the analytic or statistical methodology used or for the conclusions drawn from these data. This study was exempt from review by our institutional review board.
Patient selection
We identified adult women who were diagnosed with non-metastatic invasive breast cancer between 2004 and 2014. We restricted our study to patients who underwent definitive surgery and preoperative or postoperative external beam RT. Preoperative RT (preopRT) was defined as RT that started within the year prior to definitive surgery based on variables for time of RT and definitive surgery relative to date of diagnosis. Postoperative RT (postopRT) was defined as radiation delivered within six months of surgery. Radiation dose was limited to 14 to 70 Gy based on studies including treatment doses within this range and a small expansion of the range to account for variability in coding [1, 8] . We excluded patients whose RT course extended longer than 10 weeks. Additional inclusion and exclusion criteria are listed in Table 1 .
Covariates
Early-stage disease was defined as clinically T1-3/N0-1 and locally advanced was defined as clinically T4/N2-3. Chemotherapy and hormone therapy initiated within one year before definitive surgery were considered neoadjuvant. Adjuvant systemic therapies were similarly defined as therapies initiated within a year after surgery. The NCDB variable for human epidermal growth factor receptor 2 (HER2) was based on information from immunohistochemistry and fluorescence in situ hybridization (FISH) and was consistently available starting in 2010. Results from FISH took precedence when both tests were available. Outcome variables included pathologic complete response (pCR), surgical modality (breastconserving surgery vs mastectomy), breast reconstruction, surgical margins, and 30-day surgical readmission. NCDB codes pCR based on review of the medical record for a physician statement about response to neoadjuvant therapy. Thirty-day surgical readmission was coded based on an unplanned readmission within 30 days of discharge following hospitalization for resection of the primary cancer.
Statistical analyses
Demographic, tumor, treatment characteristics, and outcomes were compared between patients who received preopRT and postopRT using Chi-square, Fisher's exact, and Wilcoxon rank sum tests.
Univariate and multivariate logistic regression models were used to determine factors associated with use of preopRT. Our models were adjusted for demographic and tumor factors that were selected a priori. Given that treatment facility type was not available for patients under 40 years old and complete molecular subtype information was not available until after 2010, we constructed separate models additionally adjusting for these factors.
All tests were two-sided with an alpha value of 0.05. Statistical analyses were performed using STATA/SE software (version 14.0, StataCorp, College Station, TX).
Results
Factors associated with receipt of preoperative RT
We identified 373,595 patients who met our inclusion criteria ( Table 1) . A total of 1,245 (0.3%) patients received preopRT; 850 (68%) of these patients had early-stage disease (clinical T1-3/N0-1) and 395 (32%) had locally advanced disease (clinical T4/N2-3). Table 2 shows baseline characteristics of patients who received preopRT versus postopRT. In general, patients who received preopRT were more likely to be black, uninsured/Medicaid-insured, living in zip codes of lower median income and educational attainment, and with higher grade and more locally advanced tumors.
Cohort Selection
No. % For both early-stage and locally advanced disease, higher T stage was associated with increased odds of preopRT use. Among early-stage patients, additional factors independently associated with preopRT use were: younger age, lower comorbidity score, higher nodal stage, and high grade ( Table 3 ). In contrast, among patients with locally advanced disease, factors associated with preopRT were older age, less advanced nodal stage, and black race. In models adjusting for treatment facility type, treatment at an academic facility was associated with greater likelihood of undergoing preopRT among early-stage patients ( 
Early-Stage (T1-3/N0-1) Locally Advanced (T4/N2-3)
Treatment characteristics
For early-stage disease, patients treated with preopRT versus postopRT were more likely to receive neoadjuvant chemotherapy (NACT; 47.2% vs 13.4%) and neoadjuvant hormonal therapy (NAHT; 37.4% vs 1.7%; Patients treated with preopRT received a median radiation dose of 59 Gy (interquartile range [IQR], 50-60.4 Gy) over a median of 43 days (IQR, 35-49 days). Among those who did not additionally receive postopRT (1,088 patients; 87.4%), preopRT was completed a median of 70 days (IQR, 37-143 days) before surgery. Of patients with known radiation fields, 73.9% of earlystage patients had preopRT to the breast/chest wall only and 26.1% had preopRT to the breast/chest wall and lymph nodes. Among locally advanced patients, 40.4% had preopRT to the breast/chest wall only and 59.6% had preopRT to the breast/chest wall and lymph nodes.
Surgical management and outcomes
Patients who received preopRT were less likely to undergo breast-conserving surgery ( preopRT: preoperative radiation therapy; postopRT: postoperative radiation therapy.
*In order to protect patient identity, cells with fewer than 11 patients are not shown.
#Fisher's exact test a Unplanned readmission to the treating hospital within 30 days of discharge following hospitalization for resection of the primary cancer.
In total, 14.8% of preopRT patients had response to neoadjuvant therapy recorded in the database with an overall pathologic complete response (pCR) rate of 25.5%. Of the 90 earlystage and 94 locally advanced patients who had preopRT with recorded pCR, pCR rates were 32.2% and 19.1%, respectively. Among 83 patients who had preopRT, ER/PR+, HER2-tumors, and pCR recorded in the database, pCR rate was 18.1%. Of the 46 early-stage and 37 locally advanced patients who had preopRT and ER/PR+, HER2-tumors with recorded pCR, pCR rates were 23.9% and 10.8%, respectively.
Discussion
The traditional paradigm of surgery followed by possible RT and/or chemotherapy for patients with breast cancer has been challenged by the increased use of neoadjuvant systemic therapy and interest in preopRT [8] . Our analysis evaluating patterns of care with preopRT in the U.S. through a large hospital-based registry of breast cancer patients contributes to the growing literature on preopRT in breast cancer, which up until now has been primarily comprised of single institution experiences. We characterize several distinct patient populations that have received preopRT thereby furthering our understanding of its potential applications.
We found that use of preopRT varied by demographic and tumor characteristics, suggesting there may be different indications for its use across treatment settings. Patients undergoing preopRT were more likely to be younger, black, and uninsured or Medicaid-insured. Furthermore, these patients were more likely to present with T3-4 tumors, more advanced nodal disease, and triple negative subtype. These findings build upon previously published literature highlighting socioeconomic disparities among breast cancer patients [9, 10] ; patients of lower socioeconomic status were likely selected for neoadjuvant treatment with preopRT due to presentation with more advanced disease. Younger age and nodal involvement (N1 vs N0) predicted for use of preopRT in the setting of early-stage disease, but older age and N0 disease predicted for use of preopRT in patients with locally advanced disease. It may be that younger women with early-stage disease and positive nodes undergo preopRT to de-escalate surgery of the breast and axilla similar to the emerging role of NACT in this setting [11] . PreopRT may be an alternative to NACT or an adjunct to NAHT in older, locally advanced patients with negative nodes, since endocrine therapy is associated with slow, partial tumor responses [12] . PreopRT may also be used in patients demonstrating less of a response to NACT, as we found 95% of patients who received NACT and preopRT underwent preopRT after NACT [8] . Finally, we found that treatment at an academic facility was associated with use of preopRT in early-stage disease, but not locally advanced disease, which highlights the novelty of this approach in early-stage breast cancer.
Given that women who undergo breast conservation have reported higher satisfaction with body image than women who undergo mastectomy, a neoadjuvant strategy that facilitates breast-conserving treatment is important [13] . However, our analysis does not inform us regarding the reasons preopRT was chosen among patients. The significantly lower rates of breast conservation, 57.8% vs 86.5%, for the early-stage preopRT group may be due to presentation with relatively more advanced disease, sociodemographic drivers of treatment decisions, patient preferences, and surgeon recommendations [14] . Other factors that are relevant when discussing breast conservation include whether neoadjuvant treatment can improve rates of margin-negative resection and pCR. In the NACT setting, no standard approach to breast conservation and margin interpretation has been delineated. There are conflicting reports about whether NACT is associated with lower [2, 15] or higher [16] rates of re-excision following lumpectomy. We found that preopRT was associated with higher rates of positive surgical margins (8.2% vs 4.2%). These results may be attributed to selection bias, as preopRT may have been motivated by poor response to NACT or NAHT, lesion location in the breast, or size of the lesion with respect to the breast. However, a heterogeneous tumor response with mosaic patterns of tumor shrinkage could have contributed to greater uncertainty during surgical resection. Additionally, depending on the timing of preopRT with respect to operative intervention, the degree of tissue inflammation or induration encountered could have further impaired surgical excision. Further work is needed to establish the optimal timing of surgery after preopRT [1, 6, 7, 17] .
In our analysis, 25% of patients receiving preopRT achieved pCR (32% early-stage and 19% locally advanced). Among patients with ER/PR+, HER2-tumors, 18% of patients receiving preopRT achieved pCR (24% early-stage and 11% locally advanced). In contrast, among patients with low-grade, hormone receptor-positive tumors, the rate of pCR following NACT and/or NAHT alone is low, ranging from 2 to 10% [18, 19] . Furthermore, pCR is not a strong prognostic marker among these patients [20] . Although our pCR analysis was limited by the low number of patients with this data available, these favorable pCR rates raise the intriguing possibility of the potential role of preopRT to increase pCR and as a tool of bioselection analogous to the emerging role that NACT plays in patients with hormone receptor-negative disease.
Other studies of preopRT have reported lower rates of pCR. Nichols et al. conducted a prospective trial of preoperative accelerated partial breast irradiation in patients with earlystage breast cancer and found a pCR rate of 15% among patients with ER+ tumors [6] . However, no patients on this trial received NACT or NAHT. In the locally advanced setting, Adams et al.
showed that pCR was associated with significantly better disease-free and overall survival following preoperative concurrent paclitaxel-radiation [21] .
In addition to improving rates of breast-conserving surgery, there is interest in using preopRT to facilitate immediate breast reconstruction. PreopRT followed by combined oncologic and reconstructive surgery may be preferable to traditional sequencing with postopRT because it may reduce the shrinkage of transferred tissue and affect perfusion or contracture around implants [8] . We found higher rates of reconstruction among early-stage preopRT patients and lower rates of reconstruction among locally advanced preopRT patients; however, these rates may be driven by sociodemographic rather than tumor characteristics [22] [23] [24] .
Lastly, we found that preopRT was not associated with increased risk of readmission within 30 days of surgical discharge. This finding is corroborated by multiple studies demonstrating acceptable postoperative complication rates among breast cancer patients receiving preopRT prior to mastectomy with or without immediate breast reconstruction [25] [26] [27] .
To our knowledge, this is the first nationwide study to detail the use of preopRT in newly diagnosed breast cancer patients. The strengths of this analysis are that it encompasses a contemporary population from a hospital-based registry reflective of the U.S. population. Our conclusions are confounded by indication, missing/unknown data such as molecular subtype, lack of pCR coding in the NCDB for greater than 90% of patients, and no specification regarding the use of partial breast irradiation. We also could not account for unmeasured confounders such as genetic testing, family history, patient preferences, and provider recommendations. Our assessment of complications is limited to 30-day surgical readmissions and does not account for late complications or less severe complications not requiring hospital admission. Lastly, our results may only apply to women treated at hospitals accredited by the Commission on Cancer and the American Cancer Society, which are enriched for hospitals with strong oncology services [28] .
Conclusions
The role of preopRT is being reconsidered for patients with breast cancer with different clinical and sociodemographic drivers of its use in the early-stage and locally advanced settings. This approach may improve rates of pCR in hormone receptor-positive tumors and facilitate breast reconstruction in early-stage disease. We await the results of ongoing trials that will shed further light on the feasibility and effectiveness of preopRT.
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